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A B S T R ACT 

N.W. Nevada microearthquake investigations (NW NEV) were conducted 
during June and July, 1977, in Humboldt County of Northwestern Nevada. 
Three significant microearthquake clusters were revealed: Denio (T. 47 N., 
R. 34-35 E.); Craine Creek (T. 42 N., R. 27 E.), and Thousand Creek 
(T. 46 N., R. 27 E.) During the two recording periods, magnitude esti
mates suggest equal amounts of energy/recording day were released from 
each of the three areas. Apparent velocity measurements indicate typical 
Western U. S. media velocities at depth. Vp/Vs ratio estimates suggest 
anomalous, low values near the surface. Denio microearthquakes indicate 
normal faulting in that area; fault plane solutions for the other two 
clusters were indeterminate. These microearthquake results suggest good 
geothermal potential is present in the N. W. Nevada area. 
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N. W. NEVADA 

MICROEARTHQUAKE SURVEY REPORT 

for 

EARTH POHER CORPORATION 

INTRODUCTION 

Two, six-station, 9-km diameter, pentagonal seismometer arrays, 
Figure 1, were deployed near the northern Nevada boundary in Humboldt 
County and near the town of Denio. This N. W. Nevada area (M1 NEV) has 
known geothermal activity as evidenced by hot spring activity and anomalous 
heat flows. The intent of the surveys was to delineate heat source prox
imities as deduced by microearthquake activity (Figure 1) and to determine 
relative crustal movements along a NNE-trending fault passing through the 
array centers. The recording period for the first a~ray, ~ NEV 1, was 
June 16-30, 1977. The second array, M'l NEV 2, was centered 16 km south
west of the first array and operated during July 9-20, 1977. Specific 
array coordinates are given in Appendix A. 

During the two short recording periods, three significant microearth
quake clusters were detected, Figure 1, and the enclosed plats. / Names 
given to these clusters, their locations, and the number of events within 
each cluster are: 

TABLE 1 
SUi1NARY OF Mv NEV rUCROEARTHQUAKE CLUSTERS 

Ev ..... !l::.:: 
Cluster Name Location Per Cluster 

Denio T.47N., R.34735E;; Sec. 19,24 39 

Craine Creek T.42N., R.27E.; Sec. 2-3 , 10- 11 6 

Thousand Creek T .46N., R. 27E . ; Sec. 22- 23, 26- 27 26 

Each cluster includes "point source" events . That is , each event 
from a clu s ter has nea r ly idelltical stepout times indicating common loca
tion s ; only the amplitudes are diffe r e nt for point source events . Sample 
e v e nts from each of these cluste rs are shown in Figures 2 , 3 , and 4 . 

Denio und Craine Creek clusters were detected with the first, Ni'l NEV 1 
array, wh ereas the Thousand Creek suite was observed d uring M1 NEV 2 
investiga tions. Al though t h e nUInber of Craine Creek events are fewer than 
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FIGC1RE 3. Craine Creek cluster microearthquake (NW NEV 1: Event #48). 
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those detected at Denio, their significance becomes evident if one con
siders that the dis tance to Craine Creek events (38.5 J.all SS\'l from the 
NW NEV ~ array) is 3.5 times greater than the Denio distance (11 km north
east from the N\V' NEV 1 array center). Seven events not associated with 
the three clusters also occurred within 10 km of the two array perimeters. 

Apparent velocity vector mearurements, Appendix B, were used to 
deduce location precisions and accuracies, to determine local event posi
tion estimates, to assign directions to distant events, and to identify 
media velocities. Apparent velocity measurements suggest two layers 
with velocities of 5.6 and 5.9 J.'"Jn/sec overlie the granitic layer Pg 1 , 
which has a velocity of 6.4 km/sec. A deeper layer, Pg 2 (?), has a veloc
ity of 7.2 km/sec; this is followed by phase velocities of 8.1 km/sec 
which are typical for arrivals refracted from beneath the Hoho discontin
uity. Vp/Vs measurements from 24 Denio" and Thousand Creek events indicate 
Poisson's ratio within array vicinities is ~0.22. 

First motions for Denio events (Figure 2) were different, depending 
on station positions relative to the source. These events could be lo
cated with hypocenter location procedures, and first motion plots suggest 
normal faulting parallel to the NNE linear mountain front. The western 
Pueblo Mountain Tertiary volcanic sequence moved upward relative to the 
eastern valley. First motions for Craine Creek and Thousand Creek Clus
ters were identical at all stations; because these events were beyond the 
arrays and because trace deflections were identical, relative crustal 
movements could not be precisely deduced. 

Event magnitudes discussed in this report are .relative magnitudes, 
Mr; that is, magnitudes were assigned with a heuristic equation relating 
signal duration to event. magnitude. Therefore, event magnitudes are 
only known relative to one another and are not tied to the Richter mag
nitude scale. Relative magnitude assignments are listed with event lo
cations in Appendix B (Tables Bl and B2). The energy released from each of 
the three cluster areas was ~5xl013 energy units per recording day. 

Teleseismic time delay studies cannot be considered for at least 
another six months. NOAA is approximately one year behind in publishing 
locations and origin times for large earthquakes. Figure 5 illustrates 
a teleseism detected during N\V' NEV investigations. 

The two seismometer arrays and field tape recording equipment were 
deployed by J . Dillion . Analog data from the six vertical seismometers 
for each array were transmitte d via FM telemetry to a central tape re 
cording site and recorded along with a \-lWV13 time code on seven-channel 
t .ape . , Each 24- hour tape wa s playe d b a ck at the Tulsa office, initially 
at 10 . 1 e m/hour . Ev ents selected from thes e compressed records were 
exp a nd e d a t two speeds fo r a nalysis: (1) s ignatu r e reco r d s (0 . 45 e m/sec ) 
for reading WvN B a nd meas u ri n g re l a tiv e time d ifferences bet'.veen p h a s es, 
and (2 ) expanded records (11. 6 c m/sec) for t im ing p h ase arriva l s. 

J . Ha nnah WilS the principal analysist for the N\'l NEV 1 events . P . 
Ca t o n rev i ewed th is d ata, loca t ed e v e nts de t e cte d with the N\v NEV 2 array, 
a nd summar i zed s urvey results . 

-6-

------ ---- --- ---- ----



'II'"~1 ~_k_ ~ lik/"-AIo4 t~·,!IlI· IF" ... a L .;d I!i" .. ", i!t-C·"3 &;.;.,,. ~ : W-- 0---

- .. --.... -.--... -.----.----.-~-----------------------------
SIGNATURE RECORD 

~mm~fa'~~~.n~.'mu ...... mh.p.n ..... ~p· ..... __ ... ua ........ ~ __ .... __ ........ __ .. __ .... ____ .... ____ .. __ .. ______ .... ____ .. ______ .... __ ....................... __ .... __ ............................................... _ 

I I, 
P I r I, r r 

STA I '\ " :. " ;; / . ." r I " r ~ 1., \ ", r'~ ,. , r \, (. . , ,,. r ........ ---... -.~~~ ...... ~--.....-----~ . ". : .;- \ !. ,..! r,. r"" ,. , I r., , ,I \:,; '\ 1 .. V ~ , ' . i \ !. r· vI Vfv 'v (\.jJ..!'''! ""; \ I ,!\~ ",lv' rJ;'" r If" -I : .f '", 
- < ! \":-"'W'\I,,'W,,,..,. ., 'I/\! .... /-!,./ 1,,-....,.:1.\ ,.... --....r \" V ~,,~ ... 

I' 'I \ ... ' '\'; '.'...... \1 'rI .. ',.., \I ' 
~,~d tty tj~'~ '1/ " 

.:! ' IV I V r ~ P,' ;, A • I' , 
,f "ST~ 2 2\/ ",il!i ~ I ~ '\ ,I,p \~~: \ A If, ,), ~~, ~ /1 ~' 
- """'.I."-.'''AA.~~'";'I' ... \J...I'~''II,\I''~~'~\I.:f :ll\I'\',), .... /\flt'.~I'V'\:~}I;: 11 I l.il\I\!'\I\,V'~~ I\f\{~\ 1\1 iJ\~/i.~"J\r\ ~v_VV'.vr\I,;I\I!V' (', \vl .,!-.. ,;' ..... ' \ ... 1 \,./. 

, i' .rJ~\ ~ "IV'Ii/":\ \, Ii (\ \, \1' ofll \ JI \ 'V' \,j .. ~ l\' 

I'I'~! I I I\'\!.I "'" I'I'Y ... . I 
/T;d'\ "ll I '¥ ~ ~ 

" STU p\ rV !Ird r, U 1\ II HI i 1\, L lid! Ji ~ :\ 1,,,[\ II I~ il,. III 1 N I r\ll ill, Ii ,r, f! II /,1\ n 1\ , ' .-
_ .... v .. , .. ¢' .. 1,<'.. ,·/v'/,-",\' .. ",-,/", .. ,"""", ~......., .... ./'._./.." ........ ,'\,.",/ ... "N.'-.· I' i: ~ , I, 1 

, " '" 11. '. f'i'/:f' I': {J V' \!'f \/ V~ II; i i 11 !\:II':.j \1 \1 \1 It, \1 I\i !\II' Tf: \1 V V ~l '~i \1 \~ '\J \\1 V '\1 (~'" '\1 '~Ii IJ Ii' 
I' " '. '~I. l II '. I V I' ,,\ I; I 1'1 \' 
I. \ ' , II"" '/ 'I \' I, ' I. ~ ., ' \ '". \ r ". Ii f' f ' I 'i ' ,,', I'" ~ 

STA 4 P4 \ ~!'r\I\:1 A \ ~ I,' ~:,; I, f\lt ii, \(\ r, . ~ , 

~IIII11i!llrnfml_I5WmIm1!111I~Upiill~_IIIII~ __ I ___ 

~~--~~~- ~-~-----~- ~~--~~~-~~ ~-~~--~~~~~--~~-~--~ ~-----~ 
! i: !i ! 11 i !I ,/'!); Ii i I: Ii I, I II 11 Ii I III I I!I i1 II ! i II 1111 II I II III i. I ! I II I! Ii I I II III III II 11 I I iI il Ii II !I I iil I: L I! Ii :! 
I' ~ l' I' ".~, " jo t-,... /' t-r /' ,. F F r F r.; /' r-!' " ~ ~ r ~ ~ r ~ r-I' ~,..,. " It r.; r ,... r-r r r r.;,. ,. ,. r " ""1' ,. r ~ ~ ,. 

-1 t-' SEC WWVB TIME CODE 

FIGURE 5. Signature record ofa teleseisrn (NW NEV 2; Event #10) . 



: 

l 

. , 

.. , 
( 

~ 

'" ,1 

,j,l 

: 
k , . 
.1 

.. '-' 

i. 

APPARENT VELOCITY VECTOR MEASUREiIENTS AND THEIR RELEVANCE TO N. W. NEVADA 
EVENT LOCATIONS 

Plane wave apparent velocity vector measurements are regarded by 
Senturion to be indispensable aids for improving event locations. Vec
tor information is useful for the following reasons: 

1) 

2) 

Imprecise or incorrect arrival times are more 
easily identified because crustal model assump
tions are not included in the solutions. 

Station correction times can generally be mea
sured; hence array calibration is possible. 

3) Good directions to events can be assigned pro
vided events are impulsive and the .array 'is omni
directional and calibrated. 

4) Good media velocity estimates can be deduced 
from apparent velocities of events which have 
been critically refracted • 

5) For local events, the positions to which epi
center solutions should converge can be deter
mined. 

Tables B3 and B4 in Appendix B give final vector solutions for all 
events. NW NEV 1 results do not include correction times, \'lhereas those 
for Nil NEV 2 include elevation time corrections. For both surveys, least 
squares apparent velocity results from uncorrected event data indicated 
station residuals were azimuthally dependent and as large as 50 msec for 
impulsive events. Using three-station vector comparison techniques in 
order to resolve difficulties encountered with least squares vector solu
tions, it was evident that more than two stations required station cor
::-:-ections. Tt-,~,. was particl'~ -:l.rly true for l'T'!" NEV /. result!':'. 't'lhen more 
than two stations require significant station corrections (~20-50 msec) , 
precise station delay times are difficult to resolve. Had known impulsive 
events been available at distances less than 200 km, improved vector solu
tions, .arid hence, location accuracies could have been obtained. 

Because difficulties were encountered in determining precise station 
corrections, mv NEV 1 vector solutions (Table B3) and event locations 
(Table Bl) were calculated without station time corrections. The range 
of elevations for this array was 207 meters (Appendix A), and the standard 
deviation of elevation differences from the mean elevation was ±142 meters • 
In practice, compensation for station delays related to these elevation 
differences do not significantly affect vector results when arrays are 
9 km in diameter. 

The Nlv NEV 2 station elevation range (Appendix A) was 560 meters; 
the standard deviation of station heights from the mean seismometer ele~ 
vation was ±210 meters. These values are relatively large for a 9-km 
diameter array and can have significant effects on vector solutions and 
location determinations. Therefore, correction times \'lere calculated by 
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choosing 4.6 kIn/sec as the veloc i ty to correct arrivals to the mean seis
momete r elevation. These elevat i on time corrections did give better vector 
solutions, but improve d solutions c o uld only b e obta ined by reducing Sta
tion #1 weighting to ~ the normal value. Using 16 impulsive distant 
events at different azimuths for array calibration purposes, applying 
station elevation time corrections, and reducing Station #1 weighting, 
average residuals for Stations 2-6 were within 5 msec but deviated within 
20 msec for events at different azimuths. Station #1, which had least 
effect on v e ctor solutions (because of the reduced weighting), had average 
residuals of -5 msec, but deviated within ±60 msec, depending on event 
azimuth. 

Reviewing apparent velocity tables in Appendix B, velocities for 
events greater than 20-kIn distant can be loosely lumped into the follO\ving 
groups: 

Group 

1 

2 

3 

4 

5 

6 

TABLE 2 
N. W. NEVADA APPARENT VELOCITY GROUPS ' SELECTED FROM 

TABLES IN APPENDIX B 

Ap. Vel. 
Rang e , 
km/sec 

5.61-5.64 

5.85-6.01 

6.07-6.61 

6.77- 7.56 

7.86-8.26 

B. /5+ 

No. Of 
Events t-li thin 

Group 

2 

5 

19 

10 

7 

Avg. Ap. Vel. 
For Group, 

km/sec 

5.6 

5.9 

6.4 

7.2 

8.1 

8.8+ 

Comments 

Upper Layer 

Layer over . Pgl 

Granitic Layer, Pg 1 

Layer beneath Hoho, Pn 

The fir s t v e loc ity group in Table 2, loose ly d e fin e d by two events 
with a velocity of ~5 . 6 kIn/ s ec, was chosen becaus e this velocity was 
a lso obs erved b e tween s tation pa i rs f or a few local De n i o events . The 
s e cond group seeme d e vide nt f r om p rimary and s e conda ry P p hase's for events 
at respective 35- and 8S-km d istances . The t hi rd g roup, Pg 1 r i s typi
c a lly observ ed i n Western U. S. a nd d e f ines t h e g rani tic l aye r v e loci ty 
f or which Senturion 's arrays have b een dime n s ioned to meas ure. Another 
P<]2 layer seems evident \vhen secondary P arrivals were u sed to t ime dis
tant events. Pn \vas d efini t e l y observed for events at di stances >200 
kIn, and the last suite includes t e leseismic velocities. 

Vp/Vs ratios were determined from 24 of the better Denio and Thousand 
Creek events; r e duced Vladati diag rams are shown in Figures 6 - 8. Data 
from seven De nio e v e nt s , Figure 6 , s uggest Vp/Vs = 1 . 70 ± .05, whereas 
17 events from the Thousand Creek clus ter, Figure 7 , indica te Vp/Vs = 

1 .66 :!. . 04. These me .l. s ured rat i os seem reasonable; t h e t wo data sets were 
timed by d i fferent person s, t h e events were at similar distances from t he 
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FIGURE 6. Reduced \"Ji1da ti diagram for Vp!Vs detennina tions from seven Denio even ts. 
tPij and tSij are the_respectl:ve P and S arrival times at the ith station 
from the jth event. tpj and J are the mean P and S times for the jth 

event. 
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measuring arrays, and the ratios are within two percent. Reviewing ratios 
for individual events, selected Denio events range from Vp/Vs = 1.64 to 
1.77, and those from the Thousand Creek cluster range from Vp/Vs = 1.58 
to 1. 76. The combined data in Figure 8 indicates Vp/Vs = 1.67 ± .03, 
or Poisson's ratio, 0, is 0.22 ± .02 as determined from 24 events. 

Apparent velocity vector divergence and velocity variation maps 
for hypothetical NW NEV 1 events are shown in Figures 9 and 10. These' 
distributions are, respectively, the standard deviations of vector direc
tions and velocity deviations for hypothetical hypocenters. Beyond the 
array perimeter, vector divergence is slightly affected by the choice of 
hypothetical earth models or focal depths. Velocity variation distribu
tions are, however, sensitive to focal depths such that for shallow foci, 
velocity variations quickly approach small values just beyond array perim
eters. When velocity variation is less than 10% of the apparent velocity, 
unique focal depths cannot be determined. 

Selecting a few Denio events from Appendix B (Table B3), Events 
#74, #79, and #80, the mean vector direction and divergence values are 
35° ± 11°, and mean velocity values are 6.5 ± 1.1 kID/sec. The 11° vec
tor divergence value suggests Denio events could be 6.5 kID from Station 
#6 at 35° azimuth in Figure 9. However, by plotting selected subarray 
vector directions for Denio events, they did not precisely intersect 
within a small region; this indicated that observed vector divergence was 
a consequence of imprecise times and uncorrected station delays. 

The observed velocity variation, 1.1 kID/sec, i'ndicates Denio events 
are further than 6.5 km from the array center, Figure 10. Using the 
average S-P interval for these events (1.64 sec), and assuming surface 
foci on a half-space with Vp = 6.4 km/sec and Vp/Vs = 1.73, the S-P in
terval suggests Denio events could be 15 kID from the array. The final 
epicenter positions for Denio events, when calculated with hypocenter 
location procedures, 11 kID at 35° azimuth, lie bebleen the least distance 
defined by vector divergence (6.5 kID) and the maximum distance (15 kID) 
for hypothet:lcal surface fOL!.L. Thus, dh,tar . ..:es -Co Denio £v...:1, which 
occurred at depth, have been well established. 

NW NEV 2 apparent velocity vector distribution plots are given in 
Figures 11-13. These plots were necessary to determine reasonable loca
tions for the Thousand Creek cluster. For northern events at ~lO-km 
distances, vectors have smaller divergence values than is the case for 
Denio events relative to their array. Selecting three rnv NEV 2 events, 
112l, J122, and lt23 (Appendix B, Table B4), the average vector direction is 
357.00 ,± 4.5°, and the apparent velocity is 8.1 ± 0.5 km/sec. Although 
Figure,ll suggests Thousand Creek events could be ~15 km north of the 
array, rcduced weighting for Station #1 times causes vector divergence 
values of 4.5° to be ~5 km less than is shown. The primary concern for 
Thousand Creek events was the rel.atively high appClrent velocity, 8.1 YJl1/ 
sec. These events had to be near the array in view of the observed appar
ent velocity, Figure 13, but were probably deeper than those at Denio. 
With 1mv chvergence values ('\.4.5°) and high ilpparent velocities (8.1 i 
0.5 Kill/sec) the Thousand Cret:»~ evcllts could not be locdted \'11. th hypocenter 
location procedures. These events were located by using vector directions 

-13-



, 
'" 

j 

.1 

!"I 

J 

J 

.... 

.... 
j 

., 
! 

t .... 

1 , 
.J 

/ 
,.9 

NORTHWEST NEVADA 
ARRAY NO. I 

VECTOR DIVERGENCE 
(STATION ELEVATIONS INCLUDED) 

4 6 

~4.0 

A ' A ..... 
f 

z ~ 5 km km 

FIGURE 9.. J\pparent voloci ty vector distributions for hypothetical foci 
beneath the NW NEV 1 array. 

-14 



I 
: .; 

. 
( 

L ' 

~ 

I 

A 
Ii. 

A 

v, :: 5.0 

V2 = 6 .2 

NORTHV ;EST NEVADA 
ARf ·' AY NO, I 

VELOCITY VARIATION (km/sec) 
(STATION ELEVATIONS INCLUDED) 

t l -
Z = 5 km h:.:7. .0km 

L_ 
1 A STATIONS 

X X X 

FJGlIIZC 10. tM NEV 1 velocity ViH~;)t)O ll S for hypothetl.cal even ts . 

-lS-



J , 
.' ~j J 

.J 

..... 
. ) 

.1 

1 

1 

1 
1 

1 , 

l 
, . .. ' 

1 VI = 5.18 

V2 = 6 .40 

NORTHWEST NEVADA 
ARRAY NO. 2 

VECTOR 01 VERGENCE 
(STATION ELEVATIONS EXCLUDED) 

t 
Z = 7.5 km 

i 
t 

h ;:: 3km 
t 

o 2 4 6 8 10 
~ F31£!b. 'Jnsi: .CWi~ km _ &as _ - --

A STAT IONS 
x X X 

FIGURE 11. Apparent velocity vector divergence distributions for hypothetical foci 

b e neath t he NW NEV 2 array. 

- lr; -

r 

----- --



" .' , 
o~ 

.. 
I 

:1 
! • 

· 

I ' 

· , 
I 

! . 

~ ' 
, ' 

· 
f· 

l 

NORTH W EST NEVADA 
ARI , AY NO. 2 

VELOCITY VAF~ IAT ION (krn/sec) 
(STATION ELEVATIONS EXCLUDED) 

DASHED LI N E: AP. VEL. VAR. / AP. VEL. = 10 % 

~---- tOo50----------

-r,O.75 ---

-A-A-A-----r-----r- --
o 2 4 6 8 10 

tl :.: 3 Km 

~- r !: A3. ~ .. q~: ... .,.?""'1 0'L-J'--.-, -.... 8, .... ~illlll. ' k m 
'-_ _ .J_~ -~ -

Z :.: 7.5 km 

A STAT ION S 
V 2 = 6.40 x X X 

FIGURE 12 . m ... NEV 2 vC'locicy variat.ions [or h ypothetical events. The d;tshed, l O~ 
lin!" jnrJicat~s th0 mi)ximlHTI distance at which focal depths can be 

uniquely determined [or evpnts at 7.S - km dep t hs. 

-17-

r 



.. 

"! 

, , 

l 

/ 
/ 

1f) 
E,. 

,/' 

/ 
/ 

NORTHWEST NEVADA ' 
ARRAY NO.2 

APPARENT VELOCITY (km/sec) 
(STATION ELEVATIONS EXCLUDED) 

A4 
A6 

~2 

A
3 

,/ 
/ 

/ 
/ 

~A------~t~------r--
h"3krn 

! 
z ~ 7.5 Ion 

VI = 5. i 8 

! .A STATIONS 
x X X 

/ 
/ 

/ 

I 
J 

FIGURE 13. tJW !lEV 2 apparent veloci ty distr ibutions for hypothetical foci at 7. 5-km 

dcplhs bf'nea th the N10J NEV 2 array. 

lH-



to assign azimuth, and an S-P distance chart derived for hypothetical 
foci at 7.S-km depths within the crustal model shown in Figures 11-13. 
Vp/Vs was set at 1.70. 

LOCATION ACCURACIES AND PRECISIONS 

Fundamental to the N. W. Nevada task is the determination of location 
accuracies and precisions. The ultimate goal of this investigation is 
to find the most favorable geothermal targets as deduced from microearth
quake locations. The previous apparent velocity vector section discussed 
methods for assigning positions for Denio and Thousand Creek clusters and 
gave reasons why distances were nearly correct. Assuming both clusters 
were from separate points, precision estimates of cluster scatter suggest 
distances were known within ± 2.5 km, and directions were within ± 15°; 
however, array directional accuracies remain to be established. 

After all results were calculated and tabulated, Figures 14-19 were 
plotted. These include seismicity versus calendar day, time of day, and 
azimuth. From the azimuthal distributions, Figures 16 and 19, many south
eastern events were noted to occur during working hours when comparing 
respective Figures 15 ~nd 18. These events were Battle Mountain, Nevada, 
blasts; however, because they occurred on different days, they were in
dependently timed without recognizing corresponding events. The blast 
record, Figure 20, ' \.,as detected with the NW NEV 2 array, and is exception
ally clean compared to most blast records; the seismogram is definitely 
better than those blasts recorded during NW NEV 1 investigations. In the 
latter case, wind and cultural noise typically reduced detectability 
at more than one station; only one blast, Event #38 (Table B3) , was re
corded on all six of the NI\1 NEV 1 array stations. Table 3 summarizes 
directions and distant assignments calculated for the blasts, and gives 
errors relative to true blast directions and distances. 

TABLE 3 
SUMMARY OF ASSIGNED BATTLE MOUNTAIN BLAST LOCATIONS 

Cmi.t·Ar~;:, '1'0 ACTUAL LC,-,A'..:'IONS 

(The directions and distances to Battle Hountain blasts take 
over those listed in the Appendix B Tables.) 

NI\1 NEV 1 Azimuth and Distance to Battle Mountain : 139° @ 245 
NW NEV 2 Azimuth and Distance to Battle Mountain: 133° @ 245 

NW NEV 1 Nlv NEV 

Event Observ ed Assigned Event Observed 
No. Azimuth Distance, Km No . Azimuth 

2 132 . 7° 230 28* 13~ . 4° 

38* 125 . 4° 311 46* 121. 6° 
43 127 . 3° 231 4 7 * 124 . 2° 
68 1 25 . 7° 343 52* 134. 0° 
21 1 20 . 5° 2 25 56 142 . 4° 

5 7 1 2 3 . 4° 
6 0 1 20.3° 

Avg. 126.3±4.4° 268± 55 Avg. 128. 6±8. 3° 

Error - 1 2. 7° +23 km Error -4.4° 
*Asterisks denote solutions with six stations. 

precedance 

kIn 
kIn 

2 

Assigned 
Distance, km 

193 
169 
169 
2 08 
2 58 
2 4 2 
242 

211.6±36.5 

-3 3 km 
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Directional error for the fjve NW NEV 1 blasts \Olas 12.5° :!: 4.4° less 
than the true direction; the s e v e n blasts detected during m~ NEV 2 investi
gations were -4.4° ± 8.3° relative to correct blast azimuths. Errors in 
distance assignme nts were large: + 23 ± 55 km and -33 ± 37 km for the 
respective NW NEV 1 and 2 arrays. At ~250-km distances it is not surprising 
that distances are in error by 20%. S phase identification is difficult, 
and one is likely to choose an incorrect velocity for distance assign
ments. Although m~ NEV 1 blasts are in error 'by -12.7°, it is doubtful 
that 13° should be added to all. m~ NEV 1 events; the blasts were emergent. 
Furthermore, NW NEV 1 subarray vector solutions for local events (S-P 
< 5 sec) did not show evidence that mean vector directions were in error 
by 13°. The primary point of this discussion is that array directional 
accuracies were relatively good to distances of 250 km; from previous 
experience, distance assignments to 200 km have typically been within 10%. 

11AGNITUDE DETERMINATIONS 

Relative magnitudes, Mr , were calculated from event durations of 
local events. Because Senturion's seismome ter system has not been cali
brated for precise amplitude-magnitude determinations, only the energy 
released relative to other svents can be estimated; ~he magnitude listed 
in Tables Rl and B2 (Appendix B) should not be compared with .the standard 
Richter magnitude scale. 

A magnitude scale relating signal duration to magnitudes is provided 
in the program HYP071 (Lee and Lahr, 1972); however, magnitudes calcu
lated with the program gave values which seemed high. Furthermore, Lee 
and Lahr define signal duration to extend from the P onset to a point 
within the coda whe re a trace deflection of 1 cm is measurable on a Develo
corder screen. Signal durations measured in this investigation were de
fined to be the time interval from the P onset until signals were indis
tinguishable from background noise levels. The heuristic equation used 
in this investigation for relative magnitudes was: 

Mr = - 2.u T L.O lo910(T) + u.0035(A), 

where Mr , Ti and A are, respectively, relative magnitude, signal dura
tion, and epicente r distance . Le ading coefficients are Lange nkamp's 
(Langenkamp and Combs, 1974), and the dis ·tance correction is from Lee and 
Lahr (1972). 

Re l a tive ma gnitudes for local events are included in Table s Bl and 
B2. Of particular interest are magnitude relationships for the three 
mi c roearthqua k e clus ters, De nio, Cra ine Creek, and Thousa nd Creek . Plots 
o f r el <;l t i v e magn i tud e versu s the n umber o f e ve nts \vi t h mag nitude , Mr 
or greater, are given for the De nio and Thou~and Creek clus t e rs in Figure 
21 ; Craine Creek eve nts arc not inc lud e d because t he distance, 38.5 km , 
is too g reDt to d er ive me aningful recurre nce re l a ti o ns hips from s i x e v e nts 
with magni: ~des of ~1 . 0 . 

Fig ure 21 indicates slopes , or 'b' values , are near l y identical for 
Denio a nd Tho u sand Creek c lusters. COlT1bining da ta from t h e two c lUste rs, 
b = 1 . 5. The 1 . 5 b value seems high \vhen compared to Richter (1958 ) ; 
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lIe indicates b values range from 0.7-1.5 where larger values pertain to 
larger earthquakes. Because the precise relationship is not known bet\'leen 
Richter's magnitude scale and the relative magnitude scale used, the b 
value calculated for combined data is probably in error. Furthermore, 
Figure 21 indicates sampling is incomplete for events with relative magni
tudes smaller than 0.4. 

Figures 22 and 23 give detailed histories of the Denio and Thousand 
Creek events. Events tend to recur singly or in clusters of a few events. 
Larger events are not necessarily preceeded or followed by smaller events, 
and small events may occur singly. Temporal histories for Craine Creek 
events may be deduced from Figures 14 and 15; although histories for 
Craine Creek events with relative magnitudes less than 0.9 are not known, 
they also reoccurred as isolated events or in pairs. On a larger time 
scale, temporal clustering of events is evident because events from Denio 
and Craine Creek clusters were not observed during NW NEV 2 investigations; 
likewise, the NW NEV 1 array did not detect Thousand Creek events. 

Recognizing shortcomings in the relative magnitude scale, some indi
cation of the energy released per event can be obtained from Richter's 
magnitude-energy relationship, 

log Er = 11.8 + 1.5 Mr. 

Because Mr is substituted for N, the energy, Er is defined in relative 
units rather than ergs as Richter's precise relationship gives. 

Table 4 summarizes estimates of the total energy released from each 
of the three clusters and includes energy estimates per recording day. 
Had Craine Creek events been nearer the array, the energy released per day 
would probably have been equal to that at Denio, ~2xl013 energy units per 
day. The energy calculated for Thousand Creek includes an anomalous 
Mr = 1.8 event (Figure 23); excluding this event from Thousand Creek energy 
estimates per day, this cluster would also have released ~2xl013 energy 
units per ..iaJ • The Thousar.-: Creek event e}~':'.sted, and tape. ~ccording ceasL.~ 
when Denio events were still occurring, Figure 22. Hence, a more reason
able assumption is that energy released for each cluster was ~5xl013 
energy units per recording day. 

Cluster 

Denio 

Craine Creek 

'l'hous.:lnd Creek 

Ti\BLE 4 
ESTU1ATES FOR THE TOTAL ENERGY RELEASED FROM 

THREE N. H. NEVADA CLUSTER AREAS LISTED IN TABLE 1 

Total Energy 
No. of Events No. Of Released, 
Per Cluster Recording Days Energy Units 

39 15 3.0xl01 If 

6 15 1. 5xl0 1 4 

26 11 5.2xlO 14 

-/9-

Energy Released 
Per Day, 

Energy Units/Day 

2.0xlO 13 

l.OxlO 13 

4.7xlO 13 



Sf 
1.0, .-

~ ost 

°1 r-
170.0 .2 .4 

DAY 4 OF SlJl'lVEY 

L 5 1-

.0 
.-

~ :::E 
N 

(1.5 r ? i 
0.0 r ~I 

II 
172.0 .2 .4 

I 
1.5 

" .0 
,-

:!: 

ost 
0.0 -

174.0 .2 .4 

CO,." 

IT 

.6 

.6 

.6 

r:~ ~'''* ' 

EARTH POWER 
NW NEV I 

.8 171. 0 .2 

• 

.8 173.0 .2 

.8 175.0 .2 
DAY OF YEAR (GMT) 

i':"" C' "" 

.4 .6 

• 

.4 .6 

.4 .6 

TEMPORAL HISTORY OF DETECTABLE DENIO EVENTS 

FIGURE 22 

~;:;'",,""'l ~' .. f:.;!!,.~ 

.8 172.0 

8 174.0 

IT 

.8 176.0 
DAY 10 OF SUR V E Y 



-~ _. r" _.- ~.,. l"<i!l'''· ~" .. J A 1 \!':" E~c.l f~""'-" 

EARTH POWER 
. 5 !- NW NEY. I 

1.0 ~ 
.... 

:~ 
0.5 

I irr 
• 

0.0 

-. 
76.0 .2 .4 .6 .8 177.0 .2 .4 .6 .8 178.0 

IH.f 10 OF SURVEY 

,,: ~ 
~. T T T 

~. 0.5 
~ 

DoL I 
I 

I I I I 1 
I 

178.0 .2 .4 .6 .8 179.0 .2 .4 .6 .8 180.0 

':t 
, .. 

::2: 

~ 0.5 

0.0 -

-'-' 
180.0 .2 .4 .6 .8 181.0 .2 ;4 .6 .8 182. :J 

DAY OF YEAR (GMT) DAY 15 OF SURVEY 

TEMPORAL HISTORY OF DETECTABLE DENIO EVENTS (Continued) 
FIGURE 22 (Continued) 

("C'" - - --- . - - - -



I. 5 r-

1.0 
~ .. 

:a~ 
w 
1V C.S 
I 

0.0 -

182.0 .2 
DAY 12 OF SliFIVEY 

I 

i I 

""" 1;'lI"". 

EARTH POWER 
NW NEV. I 

tiC' 

',"11 :~I_ -.~ --I~ -- ~ --;-
.4 

SURVEY END DAY OF YEAR (GMT) 

tjr""" N~· 

--- -,- --~ ---
.6 .8 

TEMPORAL HISTORY OF DETECTABLE DENIO EVENTS (Continued) 

FIGURE 22 (Continued) 

it-· 6=--

184.0 



WJl\.'-.~- 1iit!4I .... I;c:' L~·.lII ~ .• ~;r:n-" 

EARTH PO\"IER III 

1.5 

.0 
.... 

:2: 
0.5 

0.0 

'I' l~ ~I JJ 
I 

1,1 III 

, "i\'II' 1 

\' 1\1 ',1, 
11'l i 

JI\I!II 
Jl1 11 

196.0 .2 .4 6 .8 197.0 .2 .4 .6 .8 198.0 
DAY 6 CF SLlflVEY 

.5 

.0 

i ~. 

'~ 
~ 

0.5 r I 

f~ 
II , II 

0.0 I- i 
1 
I 

,J" 
98.0 .2 .4 .6 .8 199.0 .2 .4 .6 .8 200.0 

. 51 

1.0 ... 
::~ 

0.5 \... ~ 

0.0 

L--- 1\ 
I I 

200.0 .2 .4 .6 .8 201.0 .2 .4 .6 .8 . 202.0 

DA Y OF YEAR (GMT) 
DAY 12 OF SURVEY 

TEMPORAL HISTORY OF DETECTABLE THOUSAND CREEK EVENTS 

FIGURE 23 
r:"':'/-' 0'-': 



I 

. [ 
loll 

r 

'" 
• ..:a 

r 

," 

Fl\ULT PLANE SOLU'fIONS WITH Et1PHA;~ IS ON THE DENIO SWARI1 

First motion plots for 27 wo ll-Iocated events from the Denio s\"arm 
are given in Figure 24. First motions are compatible with a fault plane 
which is typical of the Basin and Range: parallel to the linear mountain 
front and steeply dipping. The upthrown block west of the fault, the 
Pueblo Mountains, consists of Tertiary volcanics dipping 45° ,towards 
the west. First motions of the Denio cluster indicate compressional or 
upward motion on the west side of the fault. 

A significant component of strike-slip motion is permitted, but is 
unlikely in this tectonic setting. The only known faults in the Basin 
and Range with significant strike-slip motion have right-lateral compon
ents trending about N. 30 W., and those with left-lateral components 
trend about N. 70 E.; none would be expected on a trend of N. 30°-33° E. 
in this region. 

Selected solutions in Figure 24 sugg~st strike could trend N. 33° E. 
and have a reversed 75° westerly dip component. Another solution is to 
consider a vertical fault plane at 20° azimuth; this is probably a more 
reasonable solution in this area of WNW extension. 

Craine Creek events were typically emergent but seemed to have up
ward first motion. However, the distance, 38.5 km from the NI'l NEV 1 array, 
is too great to resolve a reasonable focal mechanism. Thousand Creek 
events also had upward first motions (Figure 4). This could mean that 
the aforementioned Pueblo Mountain block moved upward relative to the 
western Railroad Point ridge. Alternatively, left-lateral, strike-slip 
motion could have occurred along the Thousand Creek lineament separating 
Pueblo Mountain block and Railroad Point ridge from McGee Hountain; this 
later solution cannot be excluded in view of the local topography. 

CONCLUSIONS: RELEVANCE OF N. \'l. NEVADA SEISMICITY TO GEOTHEffi.1AL 
INVESTIGATIONS 

Kr:app 'l~d ::nis;ht (1977) r_,:1Ve showr. t]- ::: :. in regior.s "~. tr. g~othermal 
gradients greater than 100C/km, heat generated by a hot pluton may induce 
detectable microearthquake swarms. With sufficient temperature increases, 
thermal expansion of the pore fluid will reduce effective pressures at 
the pore nlineral interfaces and fracture rocks. Estimates of the energy 
r e l e ased during fracture sugge st tha t a magnitude 0 ear thquake will occur 
if all pores fr ac ture simultaneou s l y in one cubic meter of r o c k with 1% 
poros ity. A ma gnitud e 3 . 6 earth q uak e r e s ults f r om simultaneous f ractur e 
of pores in 10 6m3 (di amete r ~ 0.27 km) of the same rock . Greater porosity 
will increase the ene rgy released in the same volume of rock . Open joints, 
howe ver', will limit the volume of r o c k involve d in a single fracture e v e n t, 
and thti~ res t rict earthq uake magni t udes . 

This the o ry offers a pl a u sible explanation for t h e swarms of mi cro
e a rthquakes detected in many KnmJn Ge othe rma l Resource Areas . It a l s o 
s ugge sts a reas o n for t h e lac k of a ctivity On other areas, espe cially 
t hose in t h e nor thwestern U. S. f l ood basalt provinc es . Vertica l c ool ing 
j oints are comno n feat u r.es of basalt f l ows; these open fract u res may per
sist at depth \"here t hey are approximately normal to the lithostatic loa d . 
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Although joints may provide necessary fracture permeability for a geother
mal reservoir, they limit the to ta l volume of rock involved in a single 
fracture event. The magnitude of the induced earthquakes may thus be 
below the detection limit. 

?hcroearthquake swarms detected by · Senturion in geothermal areas 
throughout western U. S. commonly are restricted to very small source 
regions. The records of cluster events bear distinctive signatures; 
variations in stepout times are np greater than normal timing errors. 
These localized clusters generally occur along faults, and commonly near 
an intersecting cross-fault. Swarms may result from a combination of 
normal tectonic stresses along a major fault, fluids saturating the rocks, 
and high heat flows. Combined tectonic and thermal stress are relieved 
by point source microearthquake swarms where high pore pressures could 
prohibit the build-Up of stresses for larger earthquakes. 

Events from each of the Denio, Craine Creek, and Thousand Creek 
clusters are typical in this respect. Most epicenters fall within small 
circles with diameters of ~2.5 km; depths of Denio events averaged 6.4 ± 
0.6 km, and Thousand Creek events had nearly identical apparent velocities 
of 8.02 ± 0.14 km/sec indicating common focal depths. In view of the 
manner Ly which point source events may be overlaid and compared, t.:IG 

relatively small scatter in event positions can be attributed to small 
timing errors. Compared to other Nevada areas, few large events with 
magnitudes greater than 2 are knO'.vn to occur in this northwestern area 
of Nevada (Priestley, 1974; Ryall, 1977). 

Apparent velocity vectors were used to deduce N. W. Nevada media 
velocities and crustal models, to calibrate the Mv NEV 2 array, and to 
determine location accuracies for both arrays; the vectors were essential 
for locating the Craine Creek and Thousand Creek clusters. Apparent ve
locity measurements indicated me dia velocities, Table 2, were typically 
those which are observed in western U. S., and the 6.4 km/sec granitic 
layer was easily recognized. Compared to The Geysers geothermal area, it 
rould not be "letermined whethor a shallo\'o1 <:1 •. 1 km/sec over 1,,; r1 the 5.6 
km/sec upper layer observed during these investigations. Events were 
either too distant and critically refracted or local events were too deep 
(6-7.5 kID) to resolve the near-surface velocity. 

Vp/Vs ratios from combined Denio and Thousand Creek cluster data 
gave a Poisson's ratio of 0.22 ± . 02 . These clusters \vere at similar 
distances ( 10-11 km) from the measuring arrays and the mea s ured ratio 
was probably affected by upper layer velocities . If the deeper granitic 
layer has a value of 0.25, then material near the surface has contaminated 
Vp/Vs mea s urements from events \vhi c h are near the array. In fact, near
surface' material would have to have a value le ss than 0.22; surface mater 
ials typically h ave values of '\·0 .3. If the Vp/Vs measurements are correct, 
then the observed ratios s uggest an a nomalous, near-surface layer with a 
lower Poisson's ratio t han is anticipated. This is e ncoura ging news ; 
according to Combs (1 9 74), the 10'.'1 value for Poisson's ratio indicates 
that the shallow material js eithe r deficient in liquid water s a tur a tion 
or that voids could b 2 filled \vith steam . If this is the case with the 

N . W. Ne vada area , a s h a llow, ano ma lou s low- P wave v e locity l a yer i s sus
pected, and compares with that measured by Senturion at The Geysers; it 
would explain difficulties in assigning preci se time corrections at 
selected stations . 
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Nost N. tv. Nevada microearthquakes recurred in small temporal clusters 
or as isolated events and from the same areas. Local event relative 
magnitudes ranged from -0.4 for a single event 7 kID south of the NI'1 NEV 1 
array center, to Mr = 1.8 for a Thousand Creek event. A recurrence-magnitude, 
b value of 1.S was obtained from Denio and Thousand Creek events; the value 
may be incorrect because a precise relationship between Mr and Richter's 
M was not known. 

A fault plane solution for Denio events indicates normal faulting 
in that area; a solution for the Thousand Creek cluster was somewhat in
determinate but indicated either normal, or possibly left-lateral move
ment. The latter cluster occurred at a place where a cross-fault defined 
by the Thousand Creek Valley seems to intersect a north-trending fault 
along the eastern edge of Railroad Point ridge. 

Local microseismicity, the anomalous Vp/Vs ratios, and the numerous 
hot springs indicate that the N. W. Nevada area should have good geothermal 
potential. Continued longer-term microearthquake investigations in the 
area should delineate new geothermal targets and provide additional informa
tion about the shallow layer velocities . 
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APPENDIX A 

Tahles Al and A2 list station coordinates for the respective NW NEV 1 
and 2 surveys. The mv NEV 2 array was centered 16 km southwest from the 
first array. On July 14, 1977, Station #1 of the ~w NEV 2 array was moved 
0.24 km northeast of the original location. The first station location, 
Table A2a, is required for the first nine events listed in Tables B2 and 
B4i the remaining NW NEV 2 events require coordinates listed in Table A2b. 
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TABL:t:: AL m'l NEV 1 Array Coordinates (July 16 through July 30, 1977). 
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Ti\BLS A2a. 11;;'1 !l7EV 2 Array Coordinates (June 9-June 13, 1977). 
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TABLE A2 b. NW NEV 2 Array Coordinates (July 14 through July 20, 1977). 
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APPENDIX B 

Tables BI and B2 give locations for the events detected during the 
respective NW NEV I and 2 surveys. Also listed are the magnitudes for 
local events with S-P time intervals less than 5 seconds. Tables B3 and 
B4 give apparent velocity vector results for the corresponding events 
in Tables BI and B2. Location assignments given in BI and B2 take prec
edence over those listed in B3 and B4. 

NW NEV I locations were calculated without station correction times; 
NW NEV 2 vector results were calculated with reduced weighting on Station 
#1 (~ the normal value) and include station elevation corrections. NW NEV 2 
corrections times for Stations 1-6 were, respectively: 0.000, -0.010, 
-0.020, -0.030, and -0.030 seconds. 
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'Ti'l.BLE Bl. NW NEV 1 Seismicity Lor::ations and Relative Magnitudes for Local Events 
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T.!\13LE Bl (Continued). NW NEV 1 Sei-~micity Locations 
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Tll.K"E Bl (Continued). NW NEV 1 Sei. .micity Locations 
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322.t:! 
t2U.'::J 

34.U 
33.2 
35.6 
34.U 

5. [ 1\ K r H ,:~ U /\ K E, 1 r'~ S U F F I C I r:: I\IT D 1\ r 1\ TO L 0 C 1\ T E 

13.H 
11 • ~J 

l02.u 
11.0 
3U.0 

? 
? 

1U.8 
21.U 
29.0 
10.9 
10.2 

':j.U 

7 
430.0 

11.2 
11.0 

343.0 
7 
? 

225.0 
lU.7 
9.8 

1U.3 
10.9 

B.6 
5,9 

63.8 
5.9 

26 • .'1 

7 
7 

6.B 
16.1 
10.1 

6.B 
6.4 
6.1 

? 
268.8 

7,0 
6.8 

214.4 
7 
7 

140.6 
6.7 
6.1 
6.5 
6.8 

0.4 
0.06 
1.b 
U.'+ 
0.9 

? 
7 

0.9 
1.0 
1.1 
0.8 
0.8 
0.9 

7 
7 

0.7 
0.6 

7 
? 
7 
7 

0.6 
1.U 
0.3 
0,3 

1+ 
4,7 
2 
4 
3,6,7 
1 
1 
4 
3 
3 
4 
4 
4 
1 
2,5 
4 
4 
2 
1 
1 
2 
4 
4 
It 
4 

6. CULTUKAL OR SYSTEM NOISE 
7. POUK LUCATIUN 
5. DISTANCE UNKNUWN, NO S-P TIME 

l::::~-, 
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T;U3I,E Bl (Continued). NI'i NEV 1 Sei::micity Locations 

---------~-------------------------------------------------------------------------
I:...J::::·n L!\rlruut:... 

U!:...(';' ,:Il!j 
LUNGlrUUE 

UEG MIN 
DEfJTIi 
K1 

01 K E C T 1 (j ['J 

UEG 
01 ST I\IIJCE 

f<illl 1'-11 LE 
RELI\TIVE 

MAGNITUUE 
COHiJIEIJTS 

-----------------------------------------------------------------------------------
70 42 .Ob lIe 69.:-1 500 62.7 10.8 b.8 Oolf If 
7 '1 41 'jCj.7lt lIe 3':1.46 1S.4 64.<3 10.4 6.5 0.6 4 
;to 1+1 47.26 .J..18 .3o.'3e ? 155. -f 16.U 10.0 0.1 .3 
'1') 41 ':;<3. on 116 39.49 6.1 64.4 10.4 6.:; 0.:' 4 
c) (J 41 :)0.':13 lId 4U.6U S.U 64.1 8.5 5.3 1.1 4 
01 4< .1';) ild 3':l0:::0 5.0 62.1 11.0 6.9 0.6 4 
;l2 41 ~'j. 71 lIB 4U.~Cl ~.3 'd7.6 ~.:; b.O O.'d 4 
Ujl 4-1 :J9.b:J lU:s j9.<':,:5 6.6 65.:' 10.6 b.4 D.!) 4 
d4 Lj.~ .18 11<3 3~047 :i.0 620 6 11.U 6 09 0.4 '+ 

\~ U rV l,V1 t: ;\j IS: 

1 • r ~_ L l ~ t:: 1 S ,'Ji t FIU:::IJUUJC Y = 2 HZ b. CULTUKI\L OR SYSTlM NOISE 
2 .. t\t.Glul'J/IL (von, s-p T P'i[ > ~ 70 P()OK LOCI\TION 
::s • L IJ L ~\ L. l 1/ E. IIJT , s-p T IIVd::: < 5 e. UISTANCE UNKNOWN, NO S-p TIME 
Lf • IJr:l Jl (J ~ "I f\ t< r·, EvE IJT 

=s • Et"l::, Tfh-JUAKt.. , i,'JSUFFICIE,d D/\T/\ TO LOC/\Tt:: 

"lI 



I 
.:::. 
C) 
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r 

TAB::'E B2,. N"w NEV 2 Seismicity Loca'ions and Relative Magnitudes for Local Events 

1\ 1\ I {i\y C lilJ TE.l {: l/\ TIT U U E 4 1 1+ 8 • (; 2 LONGITUU~ ll~ 50.71 

---------~-------------------------------------------------------------------------
t: VE>n LflrlTUUl LOI'JGITUG[ U F: P THO 1 R E C T 1 U IIJ D1STI\IIlCE RELI\TIVE C()jJJIJjEI~TS 

UUj ", I I'J [JEG iV, I 1\ K!:1 G(G K M rJ! 1 L l r.IJ A G:'JI r U lJ l 
---------------------------, -------------------------------------------------------

1 
::::: 

j 

4 
:j 

o 
7 
i.l 
':) 

lU 
11. 
1 ;2 
1.1 
14 
l~ 

10 
17 
10 
1'7 
20 
id 
22 
~.:J 

2ft 

2~ 

? 
41 :'';;I.4/j 

'( 

? 
l 

41 ;) 5. Lf If 

41 33.07 
£+1 33.6li 
~1 :52.(jb 

? 
41 :5.3.1)6 
£+1 jL+.03 
41 Q·::i.(j6 
L~l 53.74 
41 56.64 
'+1 S':'.<:Jl 
4] !;.)4.0~ 

Lri 33.M!) 
Lfl 54.1L1 
"fl ':J3.(~6 

415'+.U7 
4l !;.)4.lJ6 
Lfl ::>.J.'::.'J. 

I 
Lfl ';j£+.U7 

CLJIJIJ.i::'i\1 rs: 

7 
llci j6.i!.7 

7 
? 
'( 

120 lO.U2 
lId 2/:;./7 
119 47.E:O 
119 4>3.:J';;1 

7 
lIB 50.B<:J 
1 III 51.62 
lId 46.76 
ll~ 51.U<:J 
1113 :50.70 
lIB 50.90 
lIB 51.3d 
119 52.67 
lIB ';)1.05 
IlLS 5U.10 
lId ::;1.12 
118 51.eB 
lIb ';)l.v.;; 

? 
lie 51.14 

1. r I:..LlSE 1 Si'l, FI\EQUENC Y i:!) ;; HZ 
?. I'~ [ 1.71 U I'J 1\ LEv liH, S - P ) 5 SEC 
j. L Ll L: 1\ L l V t:: [\If, S - P < 5 S E:.: 

? 
7 
? 
? 
? 
? 
7 
? 
7 
? 
? 
'? 
? 
? 
7 
? 
7 
? 
'? 
? 
? 
? 
? 
'I 
'? 

2U9.2 
50.2 

290.U 
242.B 
239.6 
257.';) 
136.4 
2:;0.b 
275.6 
303.Cl 
6,;)8.';) 

352.LS 
117.';1 
3:56.H 

.1 
358.5 
3:;4. "I 
2:;2.L~ 

357.4 
.1 

356.U 
355.';) 
3~7.U 

? 
356.6 

4. l~ILJUSJ.\I'JlJ CHllK EVEIH, l:EPTH FIXEO I\T 7.5 Kf\il 

5" [/\ I n IN U 1\ K E, H~ S u F F I C 1 E In u /\ T II. TO L 0 C 1\1 E 

7 
31.4 

? 
7 
7 

112.7 
41.9 
8.:5.7 
eO.5 

7 
9.7 

1U.1 
10.9 

<:J.5 
9 -/. . .;; 
'7.13 

10.1 
90.? 
lU.5 

':J. 7 
10.1 
1U.l 
9.d 

10.1 
10.1 

7 
19.6 

? 
? 
? 

10.4 
2b.? 
:"2.3 
:'0.3 

? 
6.1 
0.3 
b.H 
5.9 
5.8 
G.1 
6.3 
~6.4 

6.4 
0.1 
6.3 
6.3 
6.1 
6.3 
6.3 

7 
1.6 

'I 
7 
7 
? 

0.9 
1.4 
1.4 

7 
0.13 
O.b 
0.5 
0.6 
0.4 
0.6 
0.9 
1.5 
0.5 
0.5 
a.e 
0.13 
O. "I 

? 
0.6 

1,5 
6 
1,5 
1,5 
1,5 
2,9 
2,Y 
2 
2 
1,5 
3,4 
6,4,9 
3 
3,lf 
3,4 
3,4 
3,4 
2 
3,4 
5,4,9 
3,4 
6,4 
3,4 
3,4,5,9 
3,4,<;1 

6. CULrUKAL NOISE (~ONIC) 

7. POUK LUCATION 
8. DISTANCE UNKNOWN, NO S-P TIME 
'3. ElvlrKGllH Ok Nt) I S Y AKR I VALS 
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TAB LE 82 (Continued) . NW NEV 2 Seismicity Locations 

---------- -------------------------------------------------------------------------
[ VEr i T l :\ T I r tJuE LOI 'JG IT UOE 

UlC: j :! l l\l DEG rv: I 1\ 
DEPTH 
K'vl 

o I r~ E C T 1 OIIJ 
OEG 

OISTf,IIiCE 
K!lJ1 r'ULE 

KELI\TIVE 
r-'!AGI'J 11 UUE 

C 0 jJI ;VI E I'J T S 

--- ------- -----------------,-------------------------------------------------------
. ) , 
cO 

2. 7 
20 
;..: '3 

~~ 0 
-51 
3 ~ 

36 
.~ 4 

3~ 

.:Sb 
:'l I 
6 d 
,j') 

t.t U 
Lt! 
42 
4- 6 
44 
4':> 
46 
4l 
4 1::l 
4' j 

5 V 

(+1 :J4 .UU 
'+1 ~!f.CLJ 

4-iJ SS.':>';I 
(,+1 ':>4- • .5':> 

'+1. ':>'+. ::::~ 

'+1 :) 4 • .55 
'+1 ~4.b / 

? 
41 51+.2~ 

'+1 ::)4 .() ~ 

41 .') Li • '+ b 
'I 

4 1. ':> j • :., ':J 
? 

(+2 5 . 49 
41 5'+ .lJ7 
'+u .jj . 6 4 

4;. d.l':> 
41 ~S .tl ':> 

? 
It 1 • 7 'j 
4 U <:::J"1 . 2.-1 
41 ,:>,s .d ':> 
41 S'+ .Of 

'? 

C (H :~.! E ~" T S : 

11 U :, 1 . L: 2 
lUI ':>1 . 2') 
117 11.", 
lih 5U . b4 
118 4'3.76 
liB <:::Jl.3o 
11~ 51.78 

'I 
11 B 5 u • -, ,+ 
llB 50.U6 
II') Lf<7 .1 6 

7 
I1H 5lJ.76 

7 
119 57. I' 7 
118 51.1.6 
lle Lf2.tl4 
119 j . ,:>,) 

lIe 51.1b 
? 

117 -1.66 
11 7 1 U • :;';) 
lll:l 51.J6 
lIe 51.22 

7 

1 . Ti:.LESEISI·!' , F I ~C;lUt::I>JCY rll 2 HZ 
2 . i-<EG 1U, II\L EVt.>rr, s-P > 'j SEC 
3 . l UCI\L Evt:rJf, S-P < 5 SEC 

'( 

? 
? 
? 
? 
'? 
? 
? 
? 
'? 
? 
'? 
? 
? 
'? 
? 
7 
? 
'? 
'1 
? 
? 
? 
? 
'? 

354.4 
355.4 
134.Lt 

.:, 
7.2 

3~5.1 

3S2.~ 

274.1:l 
:'559. e 
358.b 
247.7 
lLl~.':> 

~:S9.tI 

224.7 
288."1 
356.':> 
174.b 
663.tj 
.5~6.6 

266.e 
121.b 
12.4.2 
356.~ 

356.U 
7 

4 . r HUUSANW CKlEK [VENT, CEPfH FIXED AT 7.5 KM 
5 . t: t\ h T Ii lJ IJ j\ r, t:., 1f\J 3 U F F I C 1 E IH 0 A TAT 0 L 0 C In E 

10.U 
10.0 

1'33.2 
1LJ.6 
1U.5 
1U.E:: 
11.3 

? 
10.5 
10.0 
88.6 

? 
9.2 

? 
97.4 
1U.1 

12~.(j 

4U.3 
':l.7 

'? 
16').1 
16'3.1 

9.7 
1U.1 
su.o 

6 .:~ 
0.3 

12lJ.8 
b.b 
6.5 
6.6 
7.1 

? 
6.6 
6.3 

:>:).4 
? 

5.13 
? 

bO.9 
6.3 

tlU.5 
2:>.2 

6.1 
? 

lU5.7 
1U5.7 

6.1 
6.3 

.56.3 

0.7 
0.9 

? 
1.3 
0.7 
1.8 
0.3 

7 
0.4 
0.6 
1.4 

? 
0.2. 

'? 
1.:' 
0.6 
1.6 
l.b 
1.U 

7 
2.6 

7 
0.5 
0.6 
1.U 

3,4 
3.4 
2,5 
3.4 
3,4.9 
3,4. 
3.4 
2.5 
3,4.') 
3.4,~ 

2.9 
b 

6.4.'9 
1.:; 
2,9 
3,4,'9 
2.9 
2 
6.4.3 
1.5.9 
2 
2,5 
3,4,., 
3,lf.'3 
2.9 

b. CULfUKAL NOISE (SONIC) 
7. POOR LUCATION 
tI. DISTI\I\lCE Uf>JKNOI'JIIJ, NO S-P TliV,E 
9. EMEKGlNT OK NUISY ARRIVALS 

t=--
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T .. ~LE ]32 (Continued). NVl NEV 2 Sdismicity Locations 

-----------------------------------------------------------------------------------
t~ Vi:': I'J r LI\ f 1 TUUE LUIJG I'T UUE DEPTH 0 If~EC T lON DISTANCE RELATIVE CO~MENTS 

I) r.. f; 'J\ 11'J IJ t: G IV', I I" K'll OEG KM MilE MAGNITUOE 

------------------------------------------------------ -----------------------------
:.)1 

'::;:: 
:J5 
r) ' .. 

j:J 

:=0 
j( 

~tJ 

::'';1 

()U 

01 
6~ 

6; .:\ 

'+i. 11.0.:) 
4u 'su.b7 
'-+1 ~'-).~~ 

l~l :54.~6 

? 
.:5 t) :J.:'.'s ~ 
41 '::>.:5.91 

? 
4() 3b.bU 
4U 1j'2.-('-J 
If.1 6':;1.~j 

'I 
? 

CO,'iI'-1l!'! r s: 

118 36,",7 
117 6,~1 

1 1 '/ I~ U • l~ 5 
118 4-0.6'-J 

? 
116 5(3.d1 
IH3 50.93 

? 
116 2b.47 
116 21.43 
11ij :ib.6l 

7 
? 

1" r ELE~E 1 Sj'Jj, F RE:1UEfJC Y 0) 2 HZ 
2" I-<C::G I U:\II~L EVt.i'JT, S-P > :5 SEC 
,3" 1_ '..J C /I, L l V un. s - P < 5 SEC 

? 
? 
? 
? 
? 
? 
? 
'? 
'? 
'? 
? 
7 
? 

164.1 
1's4.U 

7 d • .j 
~l.b 

2'73.0 
1'+2.4-
351:3.2 
296.3 
123.4-
120.6 
2UI+. /:$ 
2U2./:$ 
307.4 

1.+" r flU U :::; j~ I'J U C K l:.. EKE V E I\) T, (J E P T H F I /.. E 0 f\ T 7. 5 K /'1 
")" LAtZlll'.JUHKl, Ii'JSUfFIClEiH O/\rA TO lOCATE 

70.8 
2U 7. -/ 

9'-J.1;} 

1"1.7 
? 

44.3 
12').8 

62.4 
11.1 

? 
207.6 161.0 

9.8 b.1 
? ? 

241.:; 100.9 
241.:; 1 0 lJ.9 
H~.5 11.6 

'? ? 
? ? 

1.5 
? 

1.6 
0.7 

? 
? 

0.0 
? 
7 
? 

0.7 
? 
7 

b. CUlTUkAl ['JOISE (~lJNIC) 

7. ~UOK LOCATION 

2,9 
~,5 

2, ':I 
6,7 
1,5 
2,:;,9 
3,4,':;1 

1,5 
2,5,9 
2,5 
3 
1.5,9 
1.5,9 

8. UIsrANCE UNKNOWN, NO S-P TIME 
9. EMEKGlNT OK ~UISY ARRIvaLS 



r· e "". r:-' 11: ...... .,.. J ",. 1 f til' -) t . t 

TiillLE B3. Nt\; NEV 1 Apparent Velocity Vector Results 

._----

EV Ei';T 
fL;[ DIRECTION AP VEL No. 0 f DISTANCE " 

'day 11 r !T1 in Azimuth Km/sec Kft/sec Vectors Km Hi C OmIE};T S 

1 167/19/ 2 11l.8± 4.1 8.S± • 6 29.0± 2.2 ( 4) 278 173 2,7 

2 167/22/20 132.7± ? 6.2± ? 20.5± ? ( 1) 230 143 2, 7 

3 168/ 2/ /1 0 223.3± 3.1 35.1± 1.8 llS.1± 6.2 (15 ) ? ? 1 
: 

4 168/14/57 324.4± 1.3 45.3± 1.1 148.6± 3.7 ( 3) ? ? 1 

5 168/19/23 ? ? ? ( 0) ? ? (, 

: 
6 168/22/25 172.0± 2.2 6.5± .3 21.S± 1.0 ( 4) 215 13/1 2, 7 

I 
229.3± 2.3 6.S± (Jl 7 IG8/23/32 .2 

;-, 
21.6± • 8 ( 3) ? ? 2, 7 , 8 

I 

3 169/ 2/ 1 202.3± 2.2 42.S± 2.1 139.4± 7.2 ( 3) ? ? 1 

9 169/ 6/25 122.7± • 5 8.1± • 2 26.6± • 7 ( 2) 360 224 2,7 

10 169/10/15 200.1± 2.8 37.2± 1.8 122.0± 6.2 (15 ) ? ? 1 

11 169/21/ 3 127.7± 1.6 II.G± • 2 38.3± • 9 ( 4) ? ? 1 

12 170/ 6/41 95.8± 2.0 7.S± • 2 24.S± • 8 (15 ) 439 273 2 . ' . 
13 170/10/39 109.6± 4.1 G.6± .4 21.7± 1.4 (15 ) 38 24 3,6, 7 

1 ,~ 170/11/57 316.6± 4.5 17.4± 1.0 57.1± 3. 1• ( 7) ? ? 1 

1.5 170/12/ 1 31.2± ? 5.S± ? 19.2± ? ( 1) 11 7 4, 7 

CUf.'jNICN r~: 

1 • If [,- E ::i E I S 1'1 , FH[r,lUENCY = 2 HZ 6. CULTUKAL OR SYSTEM NOISE 
c. • I {E G I U 1\1/\ LEV E: r\J T, S - P T 11"1 E ;> 5 7. PUOH LOCATION 
j. LUCAL lVENT, S-p T LME < :-. 8. UlSTANCE UNKNOWN, NO S-P TIME 
4· • O[IH 0 S't!l\!·<rq E VEr~ r 
tJ • E/\t\!liQU/\KE, I NSUFF I C L (IH DATA TO LOCI\ TE . . - -- - .. -" -



'. "'.ill 
..... _ «<~ ..... ,,1 ~. 01 ~':3''''""'''4:~.~ 

TlillLE B3 (Co~tinued). NTtl NEV 1 Vec<.:or Results 

------
E \. :'~ l~'[ 

TII'lE l;Il\,ECTION AI' V E1- f.. 0 • 0 f 1) IS T.t, i: C E 
C lJlll-l U:T S day Ilr min ll.Z ir.lu t h Km/sec K[t/~cc Vectors Km t-:i 

-----
16 170/12/ 9 29.9± ? 5.9± ? 19.5± ? ( 1) 11 7 4, 7 

17 170/16/46 30.3± ? 5.9± ? 19.6± ? ( 1) 11 7 4 , 7 

113 170/16/ lI8 32.1± 9.3 6.1± • 9 20.0± 3,0 (7) 11 7 4 

19 171/ 1/49 24.0± 8.J 7.2± 1.0 23.8± 3.5 ( 3) 11 7 4 

2U 171/ 8/20 104.0± 2.:3 6.9± • l! 22.7± 1.4 (7) 313 195 2 

21 171/10/22 32.9±11.6 6.6± 1.1 21.9± 3.9 (15 ) 11 7 4 
I 

172/2/ fI4 I..!' 2 " ? ? ? ( 0) ? ? 2,5 ,8 ,-
1'-) 
I 

23 172/ 6/ 5 306.6± ? 8.G± ? 28.2± ? ( 1) 6 4 3, 7 

2 Li 172/ 6/ 6 32.0± 5.5 5.9± • 5 19.5± 1.3 (7) 11 7 4 

2 c' ., 172/ 8/50 203.4± G.3 37.1± 6.5 121.9±21.5 ( 7) ? ? 1 

26 172/ 9/ 9 204.8"i: 1.7 24.8± • 8 81.5± 2.7 ( 4) ? ? 1 

27 172/23/57 43.4±11.0 5.5± • 1 18.3± .5 ( 2) 11 7 4, 7 

28 173/ 6/ 3 34.1±11.2 6.4± 1.0 2].1± 3.6 (15 ) 11 7 4 

29 173/ 7/23 326.8± 3. 'I 28.3± 1.3 93.0± 4.fl (15 ) ? ? 1 

30 173/ 8/59 33!i.3± • 3 20.1± .1 66.0± • 4 ( 7) ? ? 1 

CO 11!'f;C r'l T::; : 

JL TELCiEISIJj, FI<E(,IUENC)' = 2 HZ 6. CULTUKAL OR SYSTEM NOISE 
-.: HEG,IUI\I/\L EVENT, S-p TII"lE > 5 7. PUOI< LOCI\TION 
6" LUC/..\L l:..VENT, S-p TIME < 5 8. ULSTANCE UNKNOWN, NO S-P TIME 
t, 

f DEI'Jl 0 ::; I'J1\l-m EVEN r 
'J E 1\ K 'r Ii C·) U 1\ K E , HJSUFF I C I EIH OA T 1\ TO LOC/\ TE -._---------



~. ~. " " f,J'''''''''' E:' r---
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t· 

Tll.l3LE B3 (Continued). NW NEV 1 Vee .or Resul ts 

[VEtiT • T 1 ;.[ E DIRECTIO~; AP VEL No. of D ISTAI,C E 
COmlE~HS day hr min Azimuth Krn/sec Kft/sec Vectors Km Hi 

-----
31 173/ 9/37 28.0± ? 6.4± ? 21. O± ? ( 1) 11 7 4 , 7 

32 173/10/37 32.6± 9.4 6.1± • 9 20.l± 3.0 ( 7) 11 7 4 

33 173/12/20 208.4± 3.5 26.3± 1.5 86.lf± 5.2 (15 ) ? ? 1 

3 1; 173/19/36 176.4± ? 7.S± ? 24.6± ? ( 1) 6 4 2, 7 

35 174/ 0/ 4 1.6± 2.0 8.2± • 5 27.1± 1.7 (7) 193 120 : 2 

I 
36 174/21/31 29S.S±10.9 11. 5± 1.6 37.S± 5.3 (15 ) 8 5 3 

\.., 
w 37 174/12/15 ? ? ? ( 0) 11 7 4,5 I 

3;3 174/22/23 125.4± 3.1 S.l± • 5 26.8± 1.8 (15 ) 310 193 2 

39 175/ O/lt2 195.4± 4.3 46.8± 2.5 153.S± 8.3 (7) ? ? 1 

40 175/ 8/21 197.3± 4.4 6.1± .4 20.l± 1.(; (15 ) 38 24 3,6 

41 175/11/17 197.9± 2.9 6.1± • 3 20.2± 1.2 (15) 38 24 3,6 

42 175/11/34 31.8±11.1 5.9± 1.0 19.5± 3~5 ( 3) 11 7 4 

43 175/19/13 127.3± 3.3 7.4± .6 24.4± 2.1 ( 7) 231 144 2 .' . 
ll4 175/19/27 19.si17.5 7.J± 2.0 23.3± 6.7 (7) 11 7 4 

45 175/19/51 41.4± 7.3 6.4± 1.1 21. 2± 3. 7 ( 4) 11 7 4 

C () i'i IV1 1:: r~ T::; : 

1 r EL.[:.:iE I Si~' Ff\E(~UENCY = 2 HZ 6. CULTUKAL OR SYSTEM NOISE 
2 f{ E G L U I'<J /X LEV E NT, S-p TII"1E > 5 7. PUOH LOCI\TION 
~5 <, LUCAL I:..VEr~T, S - P T It" E. < 5 8. OISTANCE UNKNOWN, NO S-P TIl"!!:: 

q D[11/1 U S\'JI\HI'~ EVOH 
:; E l\ f;~ I H :.) U /\ I~ [ , INSUFFICIENT DArA TO LOCI\TE 

.-- ------.----~.- .---.---
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TABLE 133 (C6htinued). m~ NEV 1 Vector Resul ts 

EV E:-;T • T r:·1E 1; Il~ E C T r 0 ~ AP VEL No. of DISIt-KCE COH:'! Er:T S day hr min Azimutr Km/sec Kft/s0c Vectors Km ~li 

._----
4 (i 176/ 1/25 109.3± 3.9 6.3± • 3 20.9± 1.3 (12 ) ? ? 2,8 

" 

47 176/ 1/38 197.6± 2.7 6.2± • 2 20.4± • 9 ( 4) 38 24 3 ,6, 7 

48 176/ 1/54 196.8± 7.2 6.5± • 5 21.4± 1.7 (7) 38 24 3,6 

49 176/16/46 33.5±11.3 6.4± 1.1 21.2± 3.7 (15 ) 11 7 4 

50 176/17/46 26.9± 8.8 6.8± 1.0 22.3± 3.5 ( 3) 11 7 4 

I 51 176/18/24 34.4± L6 5.5± • 2 18.2± • 7 ( 4) 11 7 4 
'-'1 
J::> 52 176/18/25 33.4± ? 5.3± ? 17.7± ? ( 1) 11 7 4 , 7 I 

53 176/20/37 277.7± 3.3 7.8± • 3 25.9± 1.1 (15 ) 101 63 2 

511 176/22/ 5 32.6± 9.7 6.0± • 9 19.9± 3.1 ( 7) 11 7 4 

5 ,-.) 177/ 5/ 1 198.8± 2.4 5.9± • 1 19.6± • 4 ( 4) 38 24 3,6, 7 

56 177/ 6/11 166.8± 3.5 48.3± 3.9 158.4±13.1 ( 7) ? ? : 1 

5 ;i 177/10/24 101.4± 2.2 11.0± .4 36.3± 1.5 (15) ? ? 1 

58 177/11/18 34.1i11.8 6.5± 1.1 21.4± 3.9 (15 ) 11 7 4 

59 1'77/14/ 4 201.1± 5.2 7.2± .4 23.9± 1.5 ( 7) 20 13 3 

60 1'77/15/46 281.6± • 3 7.9± .0 26.0± • 1 ( 4) 28 18 3 
: 

C U 1/1 ,VI t: I''-J T :::; : 
1. r I:: U::::; E IS IJIt F r < E (J U E I'J C Y = 2 HZ 6. CULTUKAL OR SYSTEM NOIS[ 
:~. H.E(;lUi~/\L EVE-NT, S-p Tli''lE > 5 0'. P U () H L 0 CAT I UN 
6. LUCAL ~VENT, S-p TIME < 3 8. UlS~ANCE UNKNOWN, NO S-P TIME 
1+. D[IHU :::;\'J1\f\l'~ EVENr 
!::J. £. II r{ 'I H (J U (\ K £. , INSUFFIC1(IH DArA TO LOCATE 
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Tll...3LE B3 (Continued). NW NEV 1 Vec~or Results 

EV [;::T TE~E DIRECTION AP VEL No. of DISTAXCE 
C OH:'fEl-iT S day hr nin Azimuth Km / s ec Kft/sec Vectors Km Hi 

61 178/ 4/39 32.1± 9.8 6.0::: Q 19.9± 3.2 (7) 11 7 4 · .-
62 178/ 6/11 33.9±11.5 6.4± 1.1 21. 2± 3.7 (15) 11 7 4 

63 178/10/39 33.9±11.4 6.4± 1.1 21.3± 3.7 (15 ) 11 7 4 

64 178/19/ 7 11S.3± 5.5 10.8± • 7 35.6± 2.6 (15) ? ? 1 

65 179/ 3/42 ? ? ? ( 0) 429 267 2,5 

66 179/ 3/48 32.2±10.0 6.1± 1.0 20.0± 3.3 (7) 11 7 4 
I 

lCO G 7 179/ 8/45 31.8± 9.6 6.1± • 9 20.3± 3.1 ( 7) 11 7 4 lTi 
I 

68 179/23/ 8 125.7± 2.7 6.0± • 2 19.9± .8 ( 4) 342 213 2 

69 180/ 7/42 102.2± 3.7 53.0± 1.9 174.0± 6.5 (15 ) ? ? 1 

70 180/ 8/S!, 322.8± 4.8 16.4± 1.6 54.0± 5.5 (15) ? 7 1 

71 180/19/ 9 120.S± 4.3 6.8± .8 22.4± 2.7 ( 7) 225 140 2 

72 181/ 5/17 33.5±12.3 6.4± 1.2 21.1± 4.1 (15) 11 7 4 
" , " 

73 181/ 5/34 32.2± 9.4 6.0± • 9 19.9± 3.1 (7) 11 7 4 

74 181/ 5/42 36.8±10.1 6.5± .9 21.5± 3.2 (15 ) 11 7 4 

75 181/ 5/52 37.3±10.4 6.1± 1.4 20.3± 4.7 ( 3) 11 7 4 

c u r·1IVI cr -J r:::; : 
l. n:: r ... E. ::i ( I S I~ , FHE[:lUEI'JCY = 2 HZ 6. CULTUKAL OR SYSTEM NOIS~ 
::: , I{ E G I U .IJ /\ LEV E J\J T , S-p TI'''1'::) 5 7. PUOH LOCATION 
6. LUI''';J.l,L ~_VENr, s - P T lIv] E. < ;) 8. UlS~ANC~ UNKNOWN, NO S -P T I!'''E:: 
1'1. OEIH U Svll\Hi~ EVEr~ r 
\,:' 
.) . £. (\ 1-(1 Ii (0) U f\ K E , INSUFFICIENT OArA TO LOCATE 

-.. ---- . - _._----
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TA.BLE B3 (G6ntinued). NW NEV 1 Vec10r Results 

Ei.'El\T 
T Hl E D H~ECT IOI~ AP VEL No. 0 f DISTAr\CE COl·aIH;TS 

day hr min Azimuth Km/scc Kft/set::: Vectors Km Hi 

76 181/ 7/30 35.7± 8.6 6.1± 1.0 20.2± 3.6 ( 3) 11 7 4 

77 181/ 7/48 36.5±10.5 5.8± • 8 19.2± 2.8 (7) 11 7 4 

78 182/ 3/11 155.7± 6.5 6.4± • 7 21.0± 2.5 (7) 16 10 3 

79 182/ 9/13 33. 9±ll. 3 6.4± 1.1 21.1± 3.7 (15 ) 11 7 4 

8e 182/ 9/57 34.0±11.3 6.4± 1.1 21.3± 3.7 (15 ) 11 7 4 

I 81 182/10/ 1 31. 9± 9.4 6.1± • 9 20.0± 3.1 (7) 11 7 4 
V1 
C' 

182/10/22 42.3±12.8 5.4± 17.9± ( 2) 4 I 82 • 1 .6 11 7 

83 182/10/37 36.7± 9.2 6.5± • 9 21.S± 3.0 (15 ) 11 7 4 

8~ 182/14/14 32.0± 9.7 6.0± .9 19.8± 3.1 ( 7) 11 7 4 

c: 0 r~ 'VI C N T S : 
'I J. r E L E:::i E I S 11\ , F [, E f'! U ENe 'r = 2 HZ 6. CULTURAL OR SYSTEM NOISE 
~ I{EGIUJ\J/\L EVENT, s-p 1II"'lI=..:) 5 7. POOH LOCATION 
~S LOCAI- l:.VENT, s-p TIME. < 5 O. UISTANCE UNKNOWN, NO S-P TII"IE 
l, o E I\i lOS vJ{\ R 1'1 EVE N r 
~' 
•• ) ~L' EMCI IiOUI\KE, INSUFFICIENT DArA TO LOCATE 

- . -~ -_.---.-.--
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'rABL2 B4. N'>l NEV 2 Apparent Ve1ocic.y Vector Results 

EV E!,iT 
lI;:L 

day ltr rr:in 
DlhECTION 

Azimuth 
AP VEL 

Krn/scc Kft/sec 
.(\0. of 
Vector<:; 

0ISThNCE 
Krn Hi c t; :-ii·l L\ T"S 

1 

" 4. 

') 

.' 

,~ 

s 
c 
7 

8 

9 

10 

11 

12 

13 

1 L~ 

15 

191/ 5/23 

191/22/38 

192/ 9/46 

193/ 1/44 

193/ 5/18 

193/ 6/49 

193/10/ 1 

194/10/10 

194/13/19 

196/ 2/26 

196/ 3/12 

196/ 4/ 6 

196/ 7/ 6 

196/ 7/15 

196/ 7/44 

209.2±20.0 26.6± 8.2 

SO.2± o .v 6.0± .1 

290.S±17.2 16.S± 5.6 

242.8± 4.S 10.6± 1.7 

239.6± 1 5 S.7± .4 

257.5± 3.2 

133.lf± .2 

250.6± 7-4 

275.6± 27 

7.1± .5 

5.1± .0 

5.9± .9 

5.6± .2 

87.5±27.2 

19.7± • 4 

54.4±13.5 

35.0± 5.7 

28.7± 1.4 

23.5± 1.7 

16.9± .1 

19.6± 3.0 

1S.5± .8 

303.8±25.9 33.2±12.9 109.0±42.6 

358.5± 4.7 7.9± .5 26.1± 1.8 

352.8± 6.4 8.2i .9 27.1± 3.1 

117.9± 4.2 

356.8± 7,2 

.1± 5.1 

6.3± .4 

7.8± .8 

7.9± .6 

20.9± 1.4 

25.7± 2.7 

26.1± 2.0 

(15 ) 

(15 ) 

(15 ) 

(15 ) 

(15 ) 

(15 ) 

( 7) 

(7) 

(7) 

(15 ) 

(15 ) 

(7) 

(15) 

(15) 

(15) 

? 

31 

'{ 

? 

? 

112 

III 

83 

80 

? 

9 

10 

10 

9 

9 

? 

19 

? 

? 

? 

70 

26 

52 

50 

? 

6 

6 

6 

G 

6 

1 

3 

1 

1 

1 

2, ') 

2 , ') 

2 

2 

1 

3,4 

3,4 ,9 

3 

3,4 

3,4 

C l)'li,v;E:!v T S " 
1. T::"LESEISI·~ t FI~EQUEf-JC)' @ 2 HZ 
2. i<[GIU:\lI\L EVl!\IT, S-P > 5 SEC 
j. L 0 C /1 L f:. V on, s - fJ < 5 s E : 
4- • r rl U US/I. I\) U C rH:' E J~ E. V E fn, L) ::..) r H F I x E () AT 7. 5 K r" 
~~ t..J\I~·TH(.)ur\(,t., .r1~suFFrC1E'~1 lJATA fO LOCATE 

6. CULTUKAL NOISE (SONIC) 
7. POUH LUCATION 
d. U 1 S T 1\ N C E UN K N U ~'JJIJ. NOS - P T I iV: E 
7. E 1\1 I-: K G t:. N T 0 K NUl S )' A IUU V 1\ L S 

---------------------------------------------- ----- ---------------------------_. 
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TI\.ElLE B4 (Continued). NW NEV 2 Vector Results 

.. 

EVENT TU1E DIRECTION AP VEL No. of DISTANCE COHHH:TS day hr min Azir.1uth Km/scc Kft/sec Vectors Km Hi 

----
16 196/ 8/ 9 358.5± 7.1 S.3± .8 27.5± 2.9 (15) 9 6 3,4 

] -r . I 196/ 8/27 354.7± 6.4 8.0± • 7 26.3± 2.4 (15 ) 10 6 3,4 

lB 196/ 8/37 252.4± 3.1 5.6± • 3 18.4± 1.3 (15 ) 90 56 2 

19 Jl96/ 8/42 357.4± 5.6 8.1± .6 26.6± 2.2 (15) 10 6 3,4 

20 196/ 9/ 2 .11 3.1 7.9± • 3 26.0± 1.2 (15 ) 9 6 3,4,9 

2.1 196/ 9/ 5 356.8± 3.5 8.2± .4 27.1± 1.4 (15) 10 6 3,4 
I 

1"1 )' 196/ 9/25 355.51 4.6 7.9± 26.2± 1.7 (15) In 1..-- • 5 10 6 3,4 
CD 
I 

23 196/15/43 357.0± 5.3 7.8± .6 25.9± 2.0 (15 ) 9 6 3,4 

24 196/15/45 ? ? ? ( 0) 9 6 3,4,5 

25 196/15/57 356.6± 1.3 8.S± .2 28.9± • 7 ( 2) 10 6 3,4,9 

26 196/15/59 354.4± 5.3 7.9± • 6 26.2± 2.0 (15 ) 9 6 3,4 . . . 
27 196/16/18 355.4± 5.1 8.0t • 5 26.3± :!..9 (15) 9 6 3,4 

28; 196/17/15 134.4± 2.3 6.4± .1 21.1± • 6 (15 ) 193 120 2 

29 197/ 3/40 .5± 5.6 7.9± .6 26.2± 2.2 (15 ) 11 7 3,4 

30 197/ 3/55 7.2± 8.1 9.2± • 7 30.2± 2.6 ( 7) 11 7 3,4,9 

C(H:·"Ef\1 T S: 
ff...L[S't:.ISIA, F f\E,)t.JEfIJCY ;j} 2 HZ 6. CULTUKAL NOISE (SUNIC) 

~.: . ~<EG 1 UI'J/\L EVLNT, S-p ) 5 SEC 7. POUH LUCI\TION 
,) . l U C l\ L t. V I:: r~ T , S-f-J < 5 SE_ a. LJ I S T 1\ N C E U I\J K N U \.J l\j , NO S-P TIIVIE 

4. fi-i u U S!\I'.JU C r{!-':' E 1"< E. V E fH , u:prH FIXELJ AT 7.5 KM '3. EM[KGt.NT OK NUISY I\RRIVALS 
~s • U\I~ n-luU/\K't.., HJ S U F f-" 1 C 1 E l\j '! U/\fA TO LOCATE 

'-~--'-- - - .---.-. ----
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T.A13LE B4 (Continued) NVl NEV 2 Vector Results 

EV El~T t Ii'IE 
day hr min 

DIRECTION 
Azimutl 

AP VEL 
Km/sec Kft/s~c 

}io. of 
Vectors 

DISTANCE 
Km Hi COImE~TS 

31 

32 

33 

3t; 

35 

36 

37 

38 

39 

L;O 

41 

42 

43 

44 

45 

197/11/32 

197/12/15 

197/19/ 7 

198/ 5/22 

198/ 5/30 

198/ 9/17 

198/10/18 

198/11/15 

198/12/12 

198/12/17 

198/16/16 

198/17/42 

199/15/23 

199/16/47 

199/21/50 

355.1± 6,9 

352.5± 6.2 

274.8± 3.3 

359.8± 6.6 

358.8± 7.6 

247.7± 4.2 

105.5± 2.9 

7.8± .7 

8.0± .7 

8.2± .5 

7.8± .4 

7.8± .6 

5.8± .5 

.3± .0 

359.8± 6.3 8.0± .7 

224.7± 2.4 27.2± 1.4 

288.7±15.7 7.S± 2.5 

356.5± 7.7 8.3±.9 

174.6±34.2 9.G± 3.1 

333.8± 9~7 

356.3± 6.3 

266.8± 5.8 

7.2± .6 

7.9± .7 

7.8± .9 

25.9± 2.6 

26.3± 2.3 

27.1± 1.7 

25.9± 1.6 

25.9± 2.1 

19.2± 1.9 

1.3± .1 

26.5± 2.5 

89.5± 4.7 

24.8± 8.2 

27.3± 3.0 

31.8±10.2 

23.S± 2.0 

26.1± 2.4 

25.8± 3.2 

(15 ) 

(15 ) 

(15 ) 

(15) 

(15) 

(15 ) 

(15) 

(15 ) 

(15 ) 

(15) 

(15 ) 

(7) 

(15 ) 

(15 ) 

(15 ) 

10 

11 

? 

10 

9 

88 

7 

9 

? 

98 

11 

128 

40 

9 

? 

? 

6 

7 

6 

6 

55 

? 

6 

? 

61 

7 

80 

25 

6 

7 

3,4 

3,4 

2 

3,4,9 

3,4,9 

2,9 

6 

3,4,9 

1 

2,9 

3,4 ,9 

2,9 

2 

3,4,9 

1,9 

ClH;~'EI\! I ~; 
;.. r i:. L ESE I S i'·~, F I~ E Q U c: r~ c Y @ 2 HZ 
2. i,EGIU"J/\L EVt:I>JT, S-F' > 5 SEC 
:i. LCC/\L. lvENf, S-f-' < 5 SEC 
q. If I~ U U S /\ 1\1 U C I{ l:.. E K t. V E IH, U:Y I H F I XED I~ T 7. ':1 K M 
':.i. ll\lqlllJ'J/\Kt:.., HJSUFFIC1EI~'1 U/\fA ("0 LUCAn: 

._---------------------_._- ---.-.-----

6, CUI,.TUKi\L NOlSE (~UNIC) 
7. POOH LUCI\TION 
B. U 1 S T 1\ N C [ U f\J K N U 1m, NO S - P T I iVl E 
r.;. F.: r"l ~: H G l:.. N T 0 H NUl S )' 1\ ({ ({ I V 1\ L S 
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TAS:'E B4 (Continued). N'iv NEV 2 Vector Results 

EVENT 
TUfE DIRECTION AP VIL !~o. 0 f DIS7ANlE C O~lHEt\l S day hr min Azimutn Km/sec Kft/sec Vectors Km Hi 

----
Ldi 199/23/35 121.6± 3.7 6.7± .3 22.2± 1.2 (15 ) 169 105 2 

'17 199/23/43 124.2± 5.9 6.6± .5 21.7± 1.8 (15) 169 105 2 

Ld3 200/ 7/59 35G.3± G.3 7.9± • 7 2fJ.1± 2.4 (15 ) 9 6 3,4,9 

L,9 200/ 8/ 4 356.0± 6.6 8.0± • 7 26.4± 2.5 ( 7) 10 6 3 , 4 , 9 

50 200/ 8/ 9 ? ? ? ( 0) 57 36 2,9 

51 200/10/58 164.1± 6.1 6.5± .5 21.6± 1.7 (15) 70 44 2,9 
I 

Cf'I c· ') 200/23/21 134.0± 4.5 6.3± • 3 20.7± 1.1 (15 ) 207 129 2 0 .J <_ 
I 

53 200/23/56 78.3± • 2 G.3± • a 20.9± • 1 (7) 99 62 2,9 

:; If 201/ 3/1G 51.6± 5.0 7.1± .8 23.5± l.8 ( 7) 17 11 3, 7 

c· c· .J _) 201/10/43 293.5±16.2 20.0± 5.9 65. 7±1 9.6 (15 ) ? ? 1 

5(; 201/12/52 142.4± 2.0 6.4± .1 21.1± • 5 ( 2) 257 160 2,9 

" -r .J I 201/13/29 358.2± 4.3 8.2± • 5 27.21: 1.7 (15 ) 9 6 3,4 ,9 

58 201/13/30 296.3±11.1 15.3± 2.8 50.2± 9.4 (15 ) ? ? 1 

59 201/23/ 7 123.4±12.3 8.7± 1.8 28.7± 6.1 ( 7) 241 150 2,9 

60 201/23/18 120.3± 4.8 5.91 .5 19.1d 1.9 (7) 241 150 2 

C 1);<1 I"' E. 1\1 1 ::; : 

1. Tt.LESEISi'~ T F I~EJ~ljEr-JCY ;,) 2 HZ 6. CULTUKAL NOISE (!:)Of'JIC) 

;:~ , r<[G.lUI',//\L EVt:::I\lT, S-P > 5 SEC 7. POOH LOCATION 

.5 • LOCI\L. i:.Vt:Nf, S-fJ < 5 SE' H. U 1 S T 1\ NeE U 1\1 K N 0 loJ 1'oJ , NOS - P T I iVl E 

4. r l-pJUS f\i'W CKlEK t.. VEin, u;: P r H F I x E U AT 7. 5 K r-1 ';. EJV}[KGt:.NT OK NUIS)' I\HHIVI\LS 

:j • t:::IH~ nh.'IJf\Kt., lllJSUFF ICIEl'oJl LJATA TO LOCATE 

.--~- . _. -~ - -
" -~- --------- ~ 
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TPJ3LE 84 (Con':.inued). NVl NEV 2 Vec1:.or Results 

EVEl:~T 
. TnlE DIRECTION AP VEL No. 0 f DISTA;.JCE 

COl-l!-1E~TS day hr min Azimuth Km / sec Kft/sec Vectors Km ~1 i 

61 202/11/ 4 204.8± 5.6 6.4± • 7 21.2± 2.3 (15 ) 19 12 3 

62 202/12/12 202.S± 9.6 42.0± 7.7 137.9±25.4 (15 ) ? ? 1,9 

63 202/13/59 30-7.4±20.1 25.9± 6.0 85.0±19.7 (7) ? ? 1 , ~ 
0, . 

C U ; 1'11'>11 E !\l 1 ::; ~ 

1 • 
~ . 
, 

,) . 
~ . 
j • 

T t:. L. E ::; E I S 1/1, F I ~ [t'~ U G1 C '!' r1) ~ HZ 
kE(;,lu'.JIIL EVlll1 r, s-p ) 5 SEC 
LUL:i\L i:.'JENf, S-p < :; SEC 
r,iUUSJ\l'W CI\lEf\ lVt-:rn, U.:f'.>rH FIxeu In 7.5 Kr·, 
t.1:.1~. TI j',;ul\(,t:.., I I\JSUFF 1 C 1 EI'J I U/\ r A r 0 LOCATE 

6. CUL'rUKI\L NOISE (SUNIC) 
7. POUH LUCATION 
U. U 1 S T A IIJ C E U IIJ K N U \') I'J, NOS - P T I ;'JI [ 

'::J. [IVj[tu;un OK NUISY I\!{IUV/\LS 

'--------------------------~~~ .. ~ ... 4.$~ •• ~~~~~U_~ __ ~-~~ ______________________________ __ 


